Bursts and oscillatory modulations in firing rate are hallmark features of abnormal neuronal activity in the parkinsonian Globus Pallidus internus (GPi). Although often implicated together in the pathophysiology of parkinsonian signs, little is known about how burst discharges and oscillatory firing (OF) relate to each other. To investigate this question, extracellular single-unit neuronal activity was recorded from 132 GPi cells in 14 Parkinson's disease patients. We found that burst firing was equally prevalent in OF and non-oscillatory firing (NOF) cells (p N 0.5). More than half of the cells were characterized by either aperiodic bursty activity or OF, but not both. OF and NOF cells had statistically-indistinguishable levels of mean burstiness (p = 0.8). Even when bursting and OF co-existed in individual cells, levels of burstiness and oscillatory power were seldom correlated across time. Interestingly, however, the few OF cells with spectral peaks between 8-13 Hz (α-range) were substantially burstier than other cells (p b 0.01) and showed an unique burst morphology and stronger temporal correlations between oscillatory power and burstiness. We conclude that independent mechanisms may underlie the burst discharges and OF typical of most neurons in the parkinsonian GPi.
Introduction
Parkinson's disease (PD) is a chronic neurologic disorder with cardinal motor signs of muscle rigidity, tremor, slowness of movement (bradykinesia), and/or paucity of movement (akinesia). The fact that lesions placed in the globus pallidus internus (GPi) significantly ameliorate most of these signs indicates that the GPi plays an important role in the pathophysiology of parkinsonian motor signs (Coban et al., 2009; de Bie et al., 1999; Vitek et al., 2003) . In animal models of parkinsonism (Filion and Tremblay, 1991; Miller and DeLong, 1987; Raz et al., 2000) , and in idiopathic PD (Dogali et al., 1994; Hutchison et al., 1994; Lozano et al., 1996; Vitek et al., 1998) , GPi neurons exhibit a constellation of abnormalities in spiking activity including elevated firing rates and altered firing patterns.
Although classical models of PD pathophysiology focus on altered GPi firing rates, growing evidence suggests that an increased prevalence of burst discharges (Kaneoke and Vitek, 1996) may be more important in the pathophysiology of PD (Bergman et al., 1994; Boraud et al., 1996 Boraud et al., , 1998 Boraud et al., , 2000 Filion and Tremblay, 1991; Hutchison et al., 1997; Starr et al., 2005; Wichmann and Soares, 2006) . The mechanistic underpinnings of elevated bursting activity and its true clinical significance remain unclear, however. For example, medical and surgical therapies that reduce PD motor signs do not consistently reduce bursting activity in the BG (Chen et al., 2001; Hahn et al., 2008; Levy et al., 2001; McCairn and Turner, 2009 ).
In addition to increased burst discharges, oscillatory firing (OF; abnormal rhythmic modulations in firing rate) in the α-(8-13-Hz) and β-(13-30-Hz) frequency ranges is a common characteristic of BG activity in both PD patients and animal models of PD (Gatev et al., 2006; Levy et al., 2002b; Rivlin-Etzion et al., 2006a; Starr et al., 2005; Weinberger et al., 2006) . Treatments that ameliorate PD signs [e.g., dopamine replacement therapy (DRT)] also reduce α-and β-frequency oscillations in spiking (Heimer et al., 2006; Levy et al., 2001 ) and local field potential (LFP) activity (Brown et al., 2001) in the GPi. Other antiparkinsonian therapies, such as Deep Brain Stimulation (DBS) are also reported to decrease α-and β-frequency oscillations in the GPi (McCairn and Turner, 2009 ). However, not all studies support these findings (Foffani et al., 2006) . Thus, the mechanisms and clinical significance of oscillatory firing also remain a topic of debate (Degos et al., 2009; Leblois et al., 2007; Mallet et al., 2008) .
While oscillations and bursts are each consistent features of the parkinsonian BG, it remains unclear whether the two occur independently or are closely linked phenomena. The oscillations in neuronal firing rate associated with parkinsonism are often described 
